Isolated pulmonary arterial and vein strips from sensitized or non-sensitized chickens exhibited dose-dependent contractions to adrenaline>, noradrenaline>, 5-hydroxytryptamine>, histamine>, dopamine. Individual variability in the responsiveness of the vessels to agonists was marked. In general veins were 2 to 25 times more sensitive to agonists than arterial strips. 2 Isoprenaline (a relatively specific ,B-adrenoceptor agonist) induced relaxations of the submaximally contracted pulmonary vein and arteries at low doses and contractions at high concentrations. 3 Contractile responses to acetylcholine or carbachol were not regularly recorded; only 50% of the vessels reacted to cholinoceptor agonists over a wide threshold dose range. 4 Chicken pulmonary vessels were found relatively insensitive to bradykinin.
Introduction
Specific antigen-induced contraction of smooth muscle taken from sensitized tissue is known as a SchultzDale phenomenon (Schultz, 1910; Dale, 1913) . This immunopharmacological reaction has subsequently been demonstrated in numerous tissues: the guinea-pig ileum (Dale & Okpako, 1969; Dale & Zilleti, 1970; Cirstea, 1970; Okpako, 1970) and trachea (S6renby, 1975) ; rat uterus (Kellaway, 1930) ; human tracheal and bronchial strips (Schild, Hawkins, Mongar & Herxheimer, 1951; Schild, 1956) ; pulmonary artery of the rabbit (Lecomte, 1958) and calf (Eyre, 1970; ; calf pulmonary veins (Eyre, 1970; 1971a; Eyre & Deline, 1971a, b; , hepatic veins (Holroyde & Eyre, 1975) and digital veins (Elmes & Eyre, unpublished) ; pulmonary vein of the horse (Eyre, 1972; Burka, Deline, Holroyde & Eyre, 1976) and recently several gastrointestinal tissues ofthe domestic fowl (Chand & Eyre, 1976) . Surprisingly, sheep pulmonary vein has been shown to relax to antigen (Eyre, 1975) .
Sensitized adult domestic fowl exhibit antigen-dosedependent increases in the central venous pressure associated with systemic arterial hypotension (Chand & Eyre, unpublished) . Birds that die in anaphylaxis show right heart dilatation (Lecomte & Beaumariage, 1958; Aronson, Bilstad & Wolfe, 1961; Chand & Eyre, unpublished) which has also been described as a common feature of systemic anaphylaxis in man, mouse rabbit and chicken; attributable to increased pulmonary vascular resistance (Aronson et al., 1961) .
Thus, it was important to investigate the possibility of demonstrating the Schulz-Dale reaction in pulmonary blood vessels of chickens and to study the effects of catecholamines, 5-hydroxytryptamine, acetylcholine, histamine, bradykinin and prostaglandins at the same time.
Methods
Adult domestic fowl (White Leghorn) weighing 2 to (Chand & Eyre, 1976) . On the 7th day after sensitization, chickens were killed with pentobarbitone sodium. Immediately, combined heart and lungs were carefully removed and kept in aerated ice cold Krebs solution. Probes of appropriate diameter were passed into the pulmonary artery and vein from their points of cardiac origin. The vessels were carefully detached from surrounding lung tissues and then cut helically following the method of Furchgott & Bhadrakom (1953) 10-i to 5 x 1 04 5 x 10-to 10-. 5 x 10-6 to 1 0-1 0-7 to 1 0-4 2 x 10-8to 5x 10-7 5 x 10-8to 5 x10-7 2x 10-to 10-1 0-s to 1 0-R 10-6 to 10-6 C 1 04 to 1 0-4 10-i to 10-i 10-i to 5 x 1 0' 10-5 to 1 0-4 10-9to 2 x 10-7 5 x 10-9to 2 x 1 -' 10-to 5 x 10-6 10-' to 1 0-R 10-6 to 10-B C Bradykinin gg/ml PGE, ng/ml ±g/ml PGE2 ng/ml jg/mI PGF2a jg/mI * Horse plasma (ml/50 ml) 10 to 50 10 to 500 R 2 to 5C 10 to 100 R 2 to 5C 0.1 to 1 C 0.01 to 0. Although vein strips were generally more responsive than arteries to 5-HT, in some cases (5/23) the arteries were the more responsive. 5-HT, (Figure 2b ).
Prostaglandin El (50 ng to 5 jg/ml) always produced dose-dependent contractions of the pulmonary vein. Prostaglandin E2 (100 ng to 5 gg/ml) caused dose-related relaxations in prostaglandin F2a -contracted vein strips only and showed no effect or slight contractile responses of veins contracted by prostaglandin El. In contrast, prostaglandin E2 produced further contraction of veins that were partially contracted to histamine and 5-HT (Figure lb) .
Schultz-Dale response
The incidence of Schultz-Dale reactions in pulmonary blood vessels of chicken is given in Table  2 . Vessels obtained from non-sensitized chickens exhibited responses to agonists similar to those of sensitized birds, but none of the control veins (n =6) or arteries (n= 7) contracted to horse plasma (0.2 to 0.5 ml in 30 to 50 ml bath). Sixty-five % of pulmonary arteries and 76% of the veins obtained from chickens sensitized to horse plasma contracted to 0.2 ml horse plasma but did not react to non-specific antigens (bovine plasma, duck plasma, crystalline albumins of dog, cow, rabbit) over wide dose-ranges. The character of the Schultz-Dale response was variable with respect to the latent period (30 s to 5 min), duration (5 to 30 min), magnitude (10-90% of the maximum) and degree of spontaneity. Increased spontaneous activity was seen in 50% of the vessels. No correlation could be found between vascular reactivity to agonists and antigen. Some strips weakly sensitive to histamine, 5-HT or carbachol (10-5 to 10-4M) reacted strongly to specific antigen. In a lew, the reverse of this was found. The second antigen 'challenge' with the same or higher dose 15 to 30 min after the first challenge, produced either no response or markedly reduced reaction. After allowing the strips to 'rest' for 1 to 3 h there was no change in reactivity to agonists, but partial recovery in responsiveness to the antigen (Figures 1 and 2, c) was recorded.
Discussion
In this study most of the pulmonary vein and artery strips of the chickens contracted dose-dependently to catecholamines, histamine, 5-HT, ACh and carbachol. Earlier Somlyo, Somylo & Woo (1967) reported that pulmonary arterial strips of adult fowl are insensitive to ACh, histamine, 5-HT and bradykinin. The reasons for this discrepancy are difficult to assess but may be associated with differences in age and breed. The variations and irregular responses of avian pulmonary vessels to ACh and carbachol were not surprising, since similar findings have been noted earlier with bovine pulmonary (Burka & Eyre, 1974) , mesenteric, hepatic (Holroyde & Eyre, 1975) , and digital vessels (Elnes & Eyre, unpublished) .
Isoprenaline produced dose-dependent relaxations of both pulmonary artery and vein at low doses and contractions at higher doses. Similar responses to isoprenaline have earlier been shown in the avian anterior and posterior mesenteric and pancreaticoduodenal veins (Bolton & Bowman, 1969) , rabbit aorta (Furchgott & Bhadrakom, 1953) , calf mesenteric vein (Holroyde & Eyre, 1975) and pulmonary artery and vein (Eyre, 197 lb) . In some of the blood vessels a complete lack of P-adrenoceptor (inhibitory adrenergic) mechanisms has been reported (Somlyo & Somlyo, 1970) . The possible explanations for the dual responses to isoprenaline (a specific ,-adrenoceptor agonist) may be the presence of fewer ,-inhibitory receptor sites eliciting relaxations. When all these sites are occupied, the drug may activate a-adrenoceptors and induce contractile responses. This would indicate relatively poor specificity of isoprenaline on certain blood vessels (Eyre, 1971b; Holroyde & Eyre, 1975;  Elmes & Eyre, unpublished) and/or may suggest relatively greater intrinsic activity at a-adrenoceptors (Ariens, 1954) in this system.
The insensitivity of avian pulmonary vessels to bradykinin supports similar findings by Somlyo et al. (1967) . This may at least in part be attributed to chemical differences between the avian kinins (ornithokinins) and other kinins (Eisen, 1971) .
The effects of different prostaglandins on isolated vascular smooth muscles have been reported to vary greatly with the species, vascular bed and tone of the vessels (Joiner, Kadowitz, Hughes & Hyman, 1975) .
Prostaglandin F2a induced dose-dependent contractions of the avian pulmonary vein and artery.
Similar contractile responses to prostaglandin F2,a have been reported earlier on various blood vessel strips (Hiller & Karim, 1968; Lewis & Eyre, 1972; Burka & Eyre, 1974; Joiner et al., 1975) . Low doses of prostaglandin El and E2 induced relaxation of avian pulmonary arterial strips irrespective of the spasmogen used; a further increase in the concentrations of E1 and E2 induced contractions of variable magnitudes. Similar biphasic effects have been reported for prostaglandin E1 and E2 on small mesenteric and renal arteries of cats, dogs and rabbit (Strong & Bohr, 1967) and prostaglandin E2 on bovine pulmonary vein (Burka & Eyre, 1974) .
Prostaglandin E1 caused strong contractions of pulmonary veins of chickens, while prostaglandin E2 induced reversal of only prostaglandin F2a -induced contractions, and produced either no effect or slight contractions of veins partially contracted to other spasmogens.
The pulmonary vessels of the chickens may now be added to the list of vascular tissues showing the Schultz-Dale reaction, e.g. pulmonary vessels of rabbit (Lecomnte, 1958) , calf (Eyre, 1970; 1971a; Eyre & Deline, 1971a,b; , horse (Eyre, 1972; Burka et al., 1976) ; and the hepatic (Holroyde & Eyre, 1975) (Chand & Eyre, 1976) .
In this study the following criteria, characteristic of Schultz-Dale phenomenon, were satisfied: (i) tissue from non-sensitized chickens did not react to specific sensitizing antigen even at high bath concentrations; (ii) tissues from sensitized birds did not react to heterologous or homologous non-specific antigens; (iii) specific antigen-induced contractions were invariably preceded by a latent period of at least 30 s: probably indicative of antigen-antibody reaction and formation and release of vasoactive substances (histamine, 5-HT, prostaglandins, slow reacting substance of anaphylaxis (SRS-A), etc.) from the mast cells; (iv) tachyphylaxis or desensitization to second antigenic challenge, a phenomenon reported earlier by several workers (Kellaway, 1930; Schild et al., 1951; Schild, 1956; Dale & Okpako, 1969; Okpako, 1970 , Eyre, 1970 197 la; Holroyde & Eyre, 1975; Chand & Eyre, 1976) ; (v) partial recovery of the antigen responses after 1 to 3 h of resensitization 'rest' interval.
Some of sensitized avian pulmonary vessels did not respond to antigen. It has previously been reported that the Schultz-Dale reaction does not always occur in all vascular strips (Eyre, 1970; Eyre & Deline, 1971b; Holroyde & Eyre, 1975) .
Among several possibilities put forward to explain the Schultz-Dale phenomenon the most acceptable hypothesis is the interaction of the antigen with the tissue-fixed antibodies on the mast cells leading to a series of enzymatic reactions resulting in the changes in cell permeability and extrusion (exocytosis) of stored granules of mediators of immediate hypersensitivity and activation of synthesis release of other vasoactive lipids (prostaglandins, RCS, SRS-A, etc.) (Feldberg, 1961; Dale & Zilletti, 1970) .
The evidence suggests that in vitro anaphylactic contractions of avian pulmonary vessels may not be mediated by histamine. The chicken lung contains few mast cells (Wight, 1970) , and these probably contain little histamine (Hunt & Hunt, 1959) ; chopped lung from sensitized chickens does not release histamine on antigen challenge (Chand, Eyre & Deline, un- published); Hl-receptor blockers and Compound 48/80 do not protect chickens from anaphylaxis (Pedersoli, 1973) ; and pulmonary vessels are relatively insensitive to histamine. They are, however, more responsive to 5-HT; large amounts of 5-HT (Meyer & Sturkie, 1974) as well as of histamine (El-Acked & Sturkie, 1972) may be released in vivo on antigen challenge. Thus, despite insensitivity to histamine, pulmonary vein and arterial constriction resulting in the increase in central venous pressure and consequently right heart dilatation may still occur (Lecomte & Beaumariage, 1958; Aronson et al., 1961) .
Nonsteroidal anti-inflammatory drugs (sodium meclofenamate, phenylbutazone), diethylcarbamazine citrate (inhibitor of SRS-A release), disodium cromoglycate, PR-D-92-EA, M & B 22948 (inhibitors of mediator release) are effective inhibitors of central venous pressor responses to antigen in chicken anaphylaxis (Chand & Eyre, unpublished) , This may support the involvement of prostaglandins and SRS-A in the reaction of pulmonary vessels to antigen.
There is considerable similarity in the symptoms of anaphylaxis and a disease causing sudden death in growing chickens commonly known as 'flips', 'lung oedema', 'flipover' or 'heart attack' (Howell, 1972; Cassidy, Gibson & Proudfoot, 1975) . Histamine and other vasoactive substances may constrict pulmonary capillaries and venules resulting in increased capillary permeability and oedema formation in the lung (Somlyo & Somlyo, 1970) . Sudden pulmonary venoconstriction resulting from immediate hypersensitivity reactions may be considered as one of several possible causes of this avian disease of unknown aetilogy (Carlson, personal communication) .
